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Abstract
In order to compare the effects of crayfish (Procambarus clarkii ) on rice production, with and without the use of
a non-ionic surfactant (Genapol OX-80) at a concentration of 0.005%, 12 enclosures at 1 m2 containment area were
built in each of two experimental fields. Crayfish densities used in the experiment were: 0, 1, 3, and 5 adult crayfish
per m2. In each field, at harvest time, five randomly chosen areas of 1 m2 were also sampled for rice, infestants
and sediment characteristics. Additionally, the number of filled grains per panicle, the percentage of empty grains and
the 100 grains weight were determined. One of the experimental fields was used as the treatment (field T) and another
one as the control (field C), and no statistically significant differences (p\0.05, Mann–Whitney U test) were found
between them. No perceptible reduction in crayfish damaging effects was observed after the use of the surfactant in
field T. Results of an ANOVA performed on the effects of crayfish density on rice production at each field were
statistically significant (pB0.05). There was a total destruction (100%) of rice in the enclosures with densities of 3 and
5 crayfish m2. Some infestant macrophytes survived at 3 crayfish m2 in both fields and at 5 crayfish m2 in field
C. At lower densities (1 crayfish m2) the average decrease in grain production attributable to crayfish was 41.61%.
Results provided data to calibrate a management model and suggested that the surfactant is not effective in field
conditions. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction
Crayfish damage to rice crops has been well
documented (Chang and Lange, 1967; Grigarick
and Way, 1982; Sommer and Goldman, 1983;
Sommer, 1984) and like in other places, crayfish
(Procambarus clarkii ) introduction in Portugal
became a problem for rice farmers (Ada˜o and
Marques, 1993; Anasta´cio and Marques, 1995;
Anasta´cio et al., 1995). To prevent damage to rice
production, farmers have repeatedly tried to erad-
icate crayfish populations by means of xenobiotic
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chemicals. Such methods proved to be ineffective
and had a devastating impact on useful species
(Velez, 1980; Roqueplo and Hureaux, 1989). In
fact, once introduced into favorable habitats, P.
clarkii is rather difficult to eliminate (Holdich,
1988).
In this context, the use of a non-ionic surfac-
tant was proposed as a means of reducing de-
structive crayfish activity in rice fields, by
lowering crayfish metabolic rate (Anasta´cio et al.,
1995; Fonseca et al., 1996). The active ingredient
(100%) of Genapol OX-80, produced by Hoechst
Portuguesa is a mixture of polyglycol ethers of
fatty alcohols-CH3–(CH2)12–15-O(CH2CH2O)H
and has a half life time of 2 weeks (data from
Hoechst). Genapol has several advantages
(Jørgensen et al., 1997), namely: (a) crayfish
would not be killed and could be harvested at a
later stage; (b) bioaccumulation is an important
environmental concern and is expected to be sig-
nificantly lower when using Genapol in compari-
son with the use of xenobiotics such as
dimethoate or parathion; (c) the toxicity of Gena-
pol is relatively low (Cabral et al., 1996), espe-
cially in comparison with pesticides commonly
used in rice fields in order to control crayfish
populations (Chang and Lange, 1967; Baker,
1975; Brown and Avault, 1975). It was assumed
that rice production would not be affected by the
surfactant.
The planning of practical measures to control
the size of crayfish populations or for double
cropping crayfish and rice, demands substantial
knowledge of their biology and ecology, namely
with regard to crayfish–rice interaction in new
habitats. Actually, most decisions concerning the
control of crayfish population densities are taken
based on mere intuition. A study attempting to
quantify crayfish damages to rice was performed
in Californian rice fields by Grigarick and Way
(1982), but in general, although negative effects
are known to exist, the causes are not always clear
to farmers (Savary, 1993) or even scientists. Dam-
age by crayfish has been attributed to excavatory
behavior (Chang and Lange, 1967; Sommer and
Goldman, 1983; Sommer, 1984; Huner, 1988; Ar-
rignon et al., 1990; Ada˜o and Marques, 1993;
Can˜o and Ocete, 1994) resulting in destruction of
levees and loss of water from the fields. At least
one work (Correia, 1993) suggests that crayfish
damage to rice occurs by interference with the
establishment of germinated rice seeds, and an-
other mentions effects on the early stages of rice
growth (Grigarick and Way, 1982).
A more recent work (Anasta´cio and Marques,
1996) confirmed that crayfish may have a serious
negative impact on rice in the first days after
sowing. In addition, the same authors determined
values for rice seedling destruction and suggested
that turbidity caused by crayfish might be one of
the causes of that destruction. Nevertheless, final
rice production might not be reduced as intensely
as the reduction in seedling survival would sug-
gest. In fact, rice plants may suffer considerable
tillering (i.e. formation of new branches at the
base of the plants) from 25 to 40 days after
sowing (Tinarelli, 1989 in Bellido, 1991) and the
seed production may be improved when competi-
tion is reduced. Macrophytes are potential com-
petitors with rice plants and their susceptibility or
resistance to crayfish presence could influence rice
production.
The use of crayfish as a resource may help to
control population size, with a simultaneous
profit of food value. Correct planning and opti-
mization of efforts involved in rice or rice–
crayfish farming can be achieved by means of
ecological models (Anasta´cio et al., 1995) and this
process is called ecological engineering (Mitsch
and Jørgensen, 1989). Environmental ecological
models are a powerful tool for quantitative and
qualitative management of natural resources
(Jørgensen, 1989), therefore, the development of a
model of simultaneous crayfish and rice produc-
tion was considered suitable. Some of the crucial
parameters for a model of crayfish and:or rice
production includes the amount of damage to the
rice crop as a function of crayfish densities. The
present work is an attempt to document the ef-
fects of crayfish on rice production, with and
without the use of a surfactant (Genapol OX-80).
Additionally, results will be used to calibrate a
management model still in development (Anasta´-
cio et al., 1995, 1999) for crayfish and rice
production.
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2. Methods
2.1. Study site
The Lower Mondego River valley is located in
the central region of Portugal (40°10% N, 8°41%W).
Average (30 years) air temperature is 15.5°C and
annual precipitation ranges from 800 to 1190 mm
(Ferreira, 1991). The valley consists of approxi-
mately 15000 ha and the main agricultural crop is
rice, which occupies about 60% of the valley.
Field experiments were conducted in 1996 in the
‘Semina´rio’ farm, near the Pranto river, in two 0.7
ha rice fields. These fields were not infested by
crayfish (i.e. density 0 crayfish m2) as was confi-
rmed by trapping and visual checking for crayfish
presence.
2.2. Field experiment
A total of 12 enclosures of 1 m2 containment
area were constructed in each of two experimental
fields after soil preparation in the beginning of
March. All the nets (5 mm mesh) surrounding the
enclosures were buried 50 cm deep, and the top
was covered with plastic. The experimental design
was ‘systematic’ for each field (see Hulbert, 1984
or Krebs, 1989). Enclosures were placed in each
field on a straight line and spaced 4 m from each
other. Crayfish sequential densities (per enclosure)
in each line were 0, 1, 3, 5, 0, 1, 3, 5, 0, 1, 3, 5.
Therefore, the effect of any possible gradients in
the field was overcome. The densities were chosen
based on a previous work in which densities of 0,
1, 5 and 10 crayfish m2 were tested. These
showed no survival of rice plants at 5 crayfish
m2.
Crayfish used to stock the enclosures were col-
lected from the adjacent irrigation channels, 2
days prior to rice seeding. Average crayfish post
orbital carapace length (POCL) was 2.96 cm,
ranging from 2.5 to 3.5 cm (see Anasta´cio and
Marques, 1995 for conversion equations). Dead
crayfish were removed and replaced within the
first 3 days. A total of 18 g (ca. 450 seeds) of pre
soaked rice variety Ariete were sown on the 2
May in each enclosure at the same time as rice
was sown in the rest of the fields. Standard rice
farming practices were undertaken, such as pre-
plant application of fertilizer (8-16-16, N-P-K)
and Ordram herbicide. No insecticides were used
in the experimental fields.
To test the effects of Genapol OX-80, one of
the fields was used as treatment (field T) and the
other as the control (field C). It was not possible
to replicate field treatments due to the large scale
of the experiment. Genapol OX-80 was applied in
the treatment field (T) on the 1 May, to attain a
final concentration of 0.005%. For the assessment
of Genapol OX-80 effects on rice production and
to compare rice production inside and outside the
enclosures, five randomly chosen areas of 1 m2
were sampled in each field on the 23 September,
just before harvest. Vegetation inside and outside
the enclosures was cut at the base on the same
day and infestant macrophytes were separated
from rice plants. Rice grains were threshed by
hand and the dry weight of all the vegetative
components was determined. Sediment samples
were collected 5 cm deep in the soil to determine
organic content. The dry weights of all samples
was determined after drying at 80°C for 48 h. Ash
free dry weight (AFDW) was calculated after
burning in a muffle oven at 450°C for 7 h. The
same procedures were followed for the samples
from the enclosures.
Additional standard rice production parameters
were determined in the field samples in order to
provide more data for comparison of the control
and treatment fields, and to provide a better view
of the rice production in the area. These included:
number of filled grains per panicle, percentage of
empty grains and the adjusted 100 grains weight
(14% moisture). Gomez (1972) described the pro-
cedures for estimating these production parame-
ters in rice planted in hills, but instead of hills, we
used groups of nearby plants (visually iden-
tifiable). Three samples of four groups of nearby
rice plants were collected in each field and the
total number of panicles were counted in all sam-
ples from each field. In each group of plants, the
central panicle (tallest) was separated from the
others. The filled and unfilled grains from the
center panicles were separated by hand and
counted after threshing. Filled grains were also
weighed. The last operations were performed after
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separating filled and unfilled threshed grains from
the rest of the panicles. Unfilled grains were
counted and filled grains were weighed.
3. Results
3.1. Surfactant effects on rice
production-comparison of samples obtained
outside the enclosures
The control and treatment fields showed no
statistically significant differences (p\0.05,
Mann–Whitney U test). Parameters analyzed in-
clude (Table 1): adjusted grain weight production,
dry weight of macrophytes, organic content of the
sediments, density of rice shoots, aerial rice
biomass (dry weight) excluding grain, total dry
weight of aerial parts of the vegetation, and total
dry weight of the aerial parts of rice (including
grain). All the values were expressed per square
meter, with the exception of the organic content,
which was expressed as the percentage per sample.
Average values for both fields were: adjusted
grain weight production—681.1 g m2, dry
weight of macrophytes 5.9 g m2, organic content
of the sediments—1.945%, density of rice
shoots—328.8 per m2, aerial rice biomass (dry
weight) excluding grain—459.4 g m2, total dry
weight of aerial parts of the vegetation—1051.1 g
m2, total dry weight of aerial parts of rice
(including grain)—1045.2 g m2. Additional
parameters calculated were: the number of filled
grains per panicle, with a value of 59.4 in field C
and 68.36 in field T; the percentage of empty
grains with a value of 12.65% in field C and 9.32%
in field T; and the 100 grains weight, with a value
of 2.536 g in field C and 2.567 g in field T. No
statistical comparison was possible for these last
parameters.
3.2. Impact caused by the enclosures
A comparison of the values obtained outside
and inside the enclosures, in the absence of
crayfish (Table 2), showed in both fields a de-
crease in: the adjusted rice grain weight (Fig. 1),
dry weight of macrophytes (Fig. 2), total vegetal
biomass (DW), and total rice biomass (DW) (Fig.
3). There was an increase in the number of rice
shoots inside the enclosures without crayfish (Fig.
4). Nevertheless, none of the differences were
statistically significant (p\0.05 for all compari-
sons, Mann–Whitney U test).
3.3. Crayfish effects on rice and
infestants—samples obtained in the enclosures
No perceptible reduction in crayfish activity
was observed following the application of Gena-
pol OX-80 in field T. An ANOVA was applied to
both the treatment (T) and control (C) field show-
Fig. 1. Adjusted grain weight (14% moisture) production per
m2 at several crayfish (Procambarus clarkii ) densities (0, 1, 3,
5) in enclosures and from field samples outside the enclosures
(F). Field C is the control field and T is the treatment field.
Fig. 2. Aerial biomass of macrophytes (dry weight per m2) at
several crayfish (Procambarus clarkii ) densities (0, 1, 3, 5) in
enclosures and from field samples outside the enclosures (F).




















Results (at harvest time) of experiments in two rice fields, respectively with and without the use of a surfactanta,b,c
Adjusted grainCrayfishField % OrganicMacrophytes Number of Rice DW Total DW (g)Grain DW (g) Total DW (g)
excludingcontent ofDW (g) vegetativeweight (g) rice shoots rice biomassdensity
biomasssediments grain (g)(14% moisture)
4.75 1.29 409.67 492.02 1015.13 1010.380C 518.36 602.74
188.67 221.82 588.32 583.692.461C 4.63420.78361.87
1.583 0.00 0.00 1.41 0.000.00 0.00 1.41C
0.00 0.00 0.26C 0.005 0.00 0.00 0.26 1.63
349.20 481.63 1094.76 1088.521.65C 6.23705.68606.89Field
399.00 474.53 1000.08 992.06T 0 517.53 601.78 8.02 2.58
118.67 209.21 461.15 452.322.72T 8.83282.69243.111
0.00T 0.003 3.11 0.000.00 0.00 3.11 1.92
0.00 0.00 0.00 0.002.560.00T 5 0.00 0.00
308.40T 437.25Field 1007.40 1001.78564.52 656.42 5.62 2.24
a Standard field samples were taken (without crayfish infestation) and enclosures were used to test several crayfish densities (0, 1, 3, 5).
b N.B. Only aerial biomass was considered and all the values represent the average per m2.



















Impact of crayfish (Procambarus clarkii ) and enclosures on rice production a,b
Total DW vegetativeAdjusted grain weight Number of riceMacrophytesCrayfish densityField Total DW riceControls used
biomassDW shoots(14% moisture) biomass(crayfish m2)(n m2)
7.27() 7.18(–)17.32()23.81()C 14.59()F0
1 53.95() 42.05() 42.23()0 30.19()C 2.53()
99.86() 100.00()C 3 0 100.00() 70.32() 100.00()
99.97() 100.00()100.00()100.00()0 94.53()C 5
29.38()0 0.73() 0.97()F 8.32() 42.65()T
9.17() 70.26() 53.89() 54.41()T 1 0 53.02()
61.22() 100.00() 99.69() 100.00()T 03 100.00()
100.00() 100.00()100.00() 100.00()0 100.00()T 5
a N.B. All values are expressed as a percentage impact when compared with controls.  and  are positive and negative impacts, respectively.
b C, control field; T, treatment field with Genapol OX-80; DW, dry weight; F, field samples outside the enclosures (without crayfish).
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Fig. 3. Total aerial rice biomass per m2 at several crayfish
(Procambarus clarkii ) densities (0, 1, 3, 5) in enclosures and
from field samples outside the enclosures (F). Field C is the
control field and T is the treatment field. DW—dry weight.
In general, the comparison of the results be-
tween enclosures with 1 crayfish m2 and the
control (no crayfish), showed a detrimental effect
caused by crayfish (Table 2). The only exception
was observed in field T, where the macrophyte
DW, seemed to increase in the presence of 1
crayfish m2. The decrease in rice grain produc-
tion attributable to 1 crayfish m2 was 30.19% in
field C and 53.02% in field C and T.
3.4. Sediment organic matter
Sediment organic content (Table 1) averaged
2% and was apparently not influenced by the
surfactant or by crayfish density. No statistically
significant correlation (p\0.05) was found with
the parameters cited in the previous sections and
the sediment organic content.
4. Discussion and conclusions
Genapol OX-80 was not effective in preventing
crayfish damage to rice crops nor did it affect rice
production. As opposed to laboratory observa-
tions (Cabral et al., 1996; Fonseca et al., 1996)
reduction of crayfish activity was not observed in
the field. This might be related to the high quan-
tity of sediments suspended in the water when the
surfactant was applied. Actually, surfactants are
expected to have a high affinity to surfaces,
namely of suspended materials (Hem et al., 1982;
Vaution, 1983). Although enough surfactant was
applied to the field, it is possible that most of it
was unavailable to crayfish. Moreover, adsorbed
surfactant molecules may undergo degradation
reactions at a faster rate (Hem et al., 1982).
Recent works (Anasta´cio and Marques, 1996),
proved that turbidity may increase due to crayfish
activity. Therefore, in a situation in which a field
contains a high density of crayfish, i.e. where the
surfactant can be used, it will predictably be
ineffective, at least in the present formulation.
From a practical point of view this will result in a
failure of the product. Genapol cannot be applied
several times to the rice fields without an excessive
economic cost.
Fig. 4. Number of rice shoots per m2 at several crayfish
(Procambarus clarkii ) densities (0, 1, 3, 5) in enclosures and
from field samples outside the enclosures (F). Field C is the
control field and T is the treatment field. DW—dry weight.
ing non significant (pB0.05) results for the effects
of crayfish density on the final: (a) adjusted rice
grain weight production; (b) infesting
macrophytes dry weight; (c) number of rice shoots
and (d) total dry weight of aerial rice plant.
In both fields, there was a total destruction of
rice within the enclosures with densities of 3 and 5
crayfish m2 (Tables 1 and 2). However, some
infesting macrophytes, mostly Lindernia dubia,
survived at 3 crayfish m2 in both fields (Tables 1
and 2) and at 5 crayfish m2 in field C (Tables 1
and 2). Macrophyte biomass was always small
when compared with rice, with average values
ranging from 0 to 8.83 g m2.
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In experiments with confined crayfish, Grigar-
ick and Way (1982) obtained seedling reductions
ranging from 8.6% with 0.34 crayfish m2, to
94% with 2.4 crayfish m2. Anasta´cio and Mar-
ques (1996) obtained an average rice seedling
reduction of 65.6% with 1 crayfish m2. At low
plant densities, the individual plant weight tends
to increase (Kershaw, 1973; Etherington, 1982),
following the ‘reciprocal yield law’ (Yoda et. al.,
1963 in Kershaw, 1973), therefore, the values
obtained by the previous works could not be
taken as crop losses. In this work, the decrease in
grain production attributable to a density of 1
crayfish m2 was 30.19 and 53.02%, respectively
in fields C and T. The higher impact of crayfish
on the treatment field could be related to individ-
ual variation. Only six crayfish were involved in
the experiments at a density of 1 crayfish m2,
and therefore an average value of 41.61% should
be considered for the calibration of an ecological
model. This value is considerably smaller than the
previously observed reductions in seedlings in the
same area (Anasta´cio and Marques, 1996). Never-
theless the average reduction in rice shoots in
both fields was 62.11%, which is very similar to
the seedling reductions of 65.6% obtained in the
previous work (Anasta´cio and Marques, 1996).
Therefore a model calibration with this value
would be quite consistent.
In wet seeded rice, crayfish impact is stronger at
the initial phases of rice growth, i.e. the impact on
final rice grain production is smaller than what is
suggested by the seedling reduction observed by
Anasta´cio and Marques (1996). It is our belief
that the reduction in rice crop production due to
crayfish presence is linked to the traditional
method of growing rice. In the Lower Mondego
River valley, rice fields are flooded before sowing,
and the water level is kept as high as 10 cm or
more. If fields were sown before flooding (3
weeks), like in southern USA (Anonymous, 1973
in Grigarick and Way, 1982), or if water levels are
kept very low (2–3 cm) at the time of seedling
emergence, most problems arising from crayfish
destruction of seed and young rice plants might be
avoided. This is in fact one of the scenarios being
tested by models of simultaneous crayfish and rice
production in the area.
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